The effect of formamide on the micellization of tetradecyltrimethylammonium bromide has been investigated by conductance and fluorescence probe experiments. The critical micelle concentration and the degree of counterion dissociation of micelles were obtained from conductance measurements in the temperature range of 20 to 40
INTRODUCTION
The aggregation behavior of surfactants in nonaqueous polar solvents and aqueous-organic mixed solvents has been the subject of much attention in the past few years (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . This interest is due to two reasons: (i) the necessity of elucidating the effects of solvent quality on the nature of self-assembly of 1 To whom correspondence should be addressed. E-mail: ccarnero@uma.es. amphiphiles and (ii) the appearance of certain applications of surfactants where the presence of water is undesirable. Polar organic solvents with properties resembling those of water, such as ethylene glycol, glycerol, and formamide, have been the most widely investigated. These solvents share three physical properties (6) : high cohesive energy, high dielectric constant, and hydrogen bonding. However, it has been proposed that the ability of a solvent to form hydrogen bonds is the key condition for micellization (18) .
A number of papers on micellization of ionic and nonionic surfactants in pure formamide have been published. These investigations have shown that the driving force for the solvophobic effect has the same source as that for the hydrophobic effect, i.e., the large cohesive energy of the solvent. Also, it has been found that micelles formed in formamide are smaller and, in the case of ionic surfactants, more ionized than those formed in water. Only a few papers have been concerned with the effect of the progressive addition of formamide on micellization. Almgren et al. (2) carried out an investigation on the effect of formamide and other organic polar solvents, including dimethyl sulfoxide and dimethylacetamide, on the micelle formation of sodium dodecyl sulfate (SDS). They observed a reduction of both critical micelle concentration (CMC) and mean aggregation number of sodium dodecyl sulfate micelles upon the addition of formamide. Wärnheim and co-workers (6) studied the aggregation behavior of cetyltrimethylammonium bromide (CTAB) in formamide-water mixed solvents, among other solvent systems. They observed a general lack of correlation between the dielectric constant of the solvent and the trend found for both cmc and aggregate sizes. However, they concluded that the interfacial tension of the solvent is the most relevant property in the context of micellization. Recently, Alexandridis et al. (16) have reported a SANS study on micellar formation and structure of a polyether block copolymer in several mixed solvent systems, including formamide-water mixtures. These authors found that micelles are formed at higher concentrations and temperature when formamide is added to water, and that the addition of formamide results in a higher degree of solvation than in pure water.
In this paper we present an investigation about the effect of the addition of formamide on micellization of tetradecyltrimethylammonium bromide (TTAB). This work has been carried out in order to obtain detailed information on the solvent quality in the nature of self-association process and on the microstructural changes induced in the aggregates. The outline of this paper is as follows: First, by using conductance measurements we obtain the CMC and counterion dissociation degree values in a temperature range. Second, from data in the preceding section we estimate the thermodynamic properties of micellization on the basis of the equilibrium model for micelle formation. Third, we present and discuss the micellar aggregation numbers of TTAB, as obtained by the steady-state fluorescence quenching method, as a function of the formamide addition. And finally, we analyze the microenvironmental properties of TTAB micelles, namely micropolarity and microviscosity, in the context of micellar microstructure alterations induced by the cosolvent addition.
EXPERIMENTAL

Materials
Both the surfactant tetradecyltrimethylammonium bromide (99%+) and the cosolvent formamide (FA) were purchased from Sigma Chemical Co. and used as received. Pyrene, fluorescein, and cetylpyridinium chloride (CPyC) were also acquired from Sigma, whereas coumarin 6 (C6) was obtained from Aldrich. All these materials were also used without any purification. Stock solutions of pyrene and C6 were prepared in absolute ethanol, whereas fluorescein was prepared in water. Stock solutions of the quencher CPyC were prepared either in water or in the appropriate formamide-water mixtures. The water used in the preparation of solutions was doubly distilled.
Instrumentation
The conductivity measurements were performed with a Metrohm 712 digital conductometer using a dip-type cell of cell constant 0.88 cm −1 . All measurements were done in a jacketed vessel, which was maintained at the desired temperature (±0.1
• C) with a circulating water thermostat bath. Density values required to convert the surfactant molar concentrations to the molar fraction scale were obtained with an Anton-Paar DMA 58 density meter. This instrument has an accuracy of ±1 × 10 −5 g cm −3 and it was calibrated with air and water over the temperature range investigated. The temperature was controlled within ±0.01
• C. Fluorescence measurements were made in a Spex FluoroMax-2 spectrofluorometer. This apparatus is equipped with a thermostated cell housing, and fitted with a 150-W xenon lamp and 1 cm × 1 cm quartz cells. Fluorescence anisotropy measurements were recorded in the same apparatus equipped with a polarization accessory, which uses the L-format instrumental configuration (19) and an automatic interchangeable wheel with Glan-Thompson polarizers. The anisotropy values were averaged over an integration time of 20 s and a maximum of three measurements were made for each sample. The anisotropy values of the probes in micellar media presented in this work are the mean value of three individual determinations. All fluorescence measurements were made at 25.0 ± 0.1
• C.
Methods
Specific conductance values of each set containing 25-30 different concentrations at a fixed solvent composition (expressed as FA/water ratio in weight percent) were measured in the temperature range from 20 to 40
• C at 5
• C intervals by using the titration concentration method. The CMC values at each solvent composition and temperature were determined from the break of specific conductance versus surfactant concentration plots. From these plots, the degree of counterion dissociation of the surfactant (β) was also determined as the ratio between the slope of the postmicellar region to that of the premicellar one.
In order to obtain micellar aggregation numbers, fluorescence quenching studies were carried out using pyrene as a luminescence probe and CPyC as a quencher. Stock solutions containing pyrene and TTAB were prepared in several media of different composition. Working solutions of lower concentration (1 µM in pyrene and 50 or 75 mM in TTAB) were prepared by adding appropriate volumes of quencher solutions. In these studies, the quencher concentrations employed were maintained low enough so as not to interfere with the assembly of TTAB micelles. From these solutions, fluorescence intensities were recorded by using excitation and emission wavelengths of 335 and 383 nm, respectively.
Micellar polarity studies were made using pyrene as a probe. Fluorescence spectra of micellar solutions of pyrene (1 µM), with surfactant concentrations well above the CMC, were recorded by using slit widths of 1.05 nm for both monochromators and an excitation wavelength of 335 nm. In these spectra, fluorescence intensities were measured at the wavelength corresponding to the first and the third vibronic bands, located near 373 and 384 nm. In order to obtain information on the micellar microviscosity, fluorescence polarization experiments with two different probes, C6 and fluorescein, were carried out. Micellar solutions of C6 (2 µM) and fluorescein (5 µM) with a total surfactant concentration of 0.1 M were prepared. Fluorescence anisotropy values were recorded using excitation and emission wavelengths of 465 and 505 nm for C6 and 504 and 521 nm for fluorescein.
RESULTS AND DISCUSSION
CMC and Degree of Counterion Dissociation
The CMC values of TTAB micelles in several FA-water mixtures of different compositions and at various temperatures were determined from conductance measurements. Figure 1 shows representative plots of specific conductivity corrected by that of the solvent, κ − κ 0 , as a function of the surfactant concentration at a fixed solvent composition and at different temperatures. Similar plots (not shown) were obtained in all the cases studied. It is well known that the CMC is given by the intersection point of the two straight lines above and below the CMC. Likewise, the degree of the counterion dissociation can be determined from the ratio of the slopes of these lines. However, as the FA content and temperature increased, we found the appearance of curvature around of CMC, making the precise determination of the CMC difficult. Usually, this problem has been solved for different authors by using approaches based on the analysis of plots of the differential conductivity, of first (20, 21) or second order (22) , versus the surfactant concentration. In this work we have used a new procedure consisting in a nonlinear curve fit of the conductivity-concentration raw data. This procedure is based on the assumption that the first derivative of the specific conductivity-concentration curve is well described by a Boltzmann-type decreasing sigmoid, given by
where κ is the specific conductivity, c is the total concentration of surfactant, A 1 and A 2 are the upper and lower limits of the sigmoid, respectively, the CMC value is the center of the sigmoid, and d is the so-called time constant, which is directly related to the independent variable range where the abrupt change of the dependent variable occurs. Under this consideration, it is expected that the integrated equation describes the behavior of the specific conductivity data as a function of the surfactant concentration. This equation is
where κ 0 is the integration constant, assuming that the specific conductivity is that of the solvent (κ 0 ) when the surfactant concentration is zero. Note that Eq. [2] contains all the necessary information to describe the curves of κ against c. Indeed, A 1 and A 2 represent the slopes of the premicellar and postmicellar regions, respectively, d indicates if the micellization process occurs suddenly or in a more gradual way, and, of course, the CMC is just the break of the κ versus c curve. A nonlinear curve fit of the experimental data to Eq. [2] provides all the previous parameters, from which the degree of counterion dissociation (β) can also be obtained by the ratio A 2 /A 1 . Recently, we have demonstrated (23) that this procedure presents two important advantages against both the classic method, based in the intersection of straight lines of the premicellar and postmicellar regions, and those using the differential conductivity values. First, the present method is objective, and it is not subject to the election of the experimental points for obtaining the mentioned lines, and second it avoids the manipulation of the experimental data that, anyway, is always an error source. Table 1 lists the CMC and β values obtained by the procedure discussed above. We have observed that as the FA content increases in the solvent system, both the CMC and β values are obtained with larger uncertainties. Whereas the estimated errors in the determination of these parameters in water is around 2%, as the FA content increases, and the conductivity-concentration plots show a weaker curvature, the estimated error becomes approximately 4% for 60% FA and 40
• C. On the other hand, it must be pointed out that the CMC and β values in water are in good agreement with those previously reported in a similar temperature range (11, 24, 25) . From data in Table 1 it can be seen that at a fixed temperature the CMC increases with FA concentration. It must be noted that this behavior agreed with that observed for CTAB (6) , but it is opposite to that observed for SDS in FA-water mixtures (2) . In general, the effect produced by the presence of FA can be explained taking into account two antagonistic effects: (I) it reduces the cohesive energy of the solvent, increasing in this way the solubility of the surfactant and therefore the CMC; (II) it increases the dielectric constant of the solvent system, reducing the electrostatic repulsions between the ionic heads in the micelle, thus favoring micellization and decreasing the CMC. From data in Table 1 we can conclude that the first effect is the predominant one. On the other hand, at a fixed solvent composition the CMC is seen to increase with temperature. The influence of temperature on micellization is usually discussed in terms of two opposing effects. The increase of temperature produces: (a) a reduction of the degree of hydration of the headgroups, favoring micellization, and (b) the disruption of the water structure surrounding the hydrophobic groups, impeding micellization. Again, in this case, it seems clear that the second effect is the dominant in the temperature range studied. Data in Table 1 also indicate that the degree of counterion dissociation of TTAB micelles, β, becomes greater with both FA addition and temperature increase. This behavior is probably due to a decrease in the charge density at the micellar surface produced by a reduction in the aggregation number of TTAB micelles.
Thermodynamics of Micellization
To evaluate the thermodynamic parameters of micellization two approaches are generally used: the phase separation and the equilibrium model for micelle formation. In the case of ionic surfactants the second is preferable because it is possible to take in consideration, in an explicit way, the effect of the counterion dissociation. The equilibrium model considers that the micellization process can be described by equilibrium between monomers, counterions, and monodisperse micelles. In the case of a cationic surfactant this equilibrium can be represented by
where S + represents the surfactant cations, C − the corresponding counterions, and M p+ the micelle formed by n monomers with an effective charge of p. The standard free energy of micellization per mole of surfactant, G 0 mic , is given by
where a is the activity of the respective species. For large n values the first term of the parenthesis is negligible and both a + S and a C − can be replaced by the activity at the CMC. Moreover, since the micellar formation occurs in dilute solutions, the activity can be replaced by the surfactant concentration (expressed in mole fraction) at the CMC. Considering these approximations, Eq. [4] can be expressed as (26)
where β (β = p/n) is the degree of counterion dissociation. On the other hand, the enthalpy change of micellization, H 0 mic , is
[6]
If the change in β with temperature is small, as occurs in our case over the temperature range studied, Eq. [6] yields
In this way, the enthalpy of micellization can be evaluated from the slope of a tangent to a plot of ln X CMC versus T at a particular temperature. Figure 2 shows the corresponding plots. In all the cases the best fit was found to be a second-order polynomial. In addition, once G [8]
Last, it has been proposed (27) that the effect of a cosolvent or additive on the micellization process can be studied by means of the free energy of transfer, G 0 trans , defined by
The thermodynamic properties of micellization of TTAB, in different media and at various temperatures, as estimated according to the above procedure are listed in Table 2 . It must be pointed out that the approach used to obtain the thermodynamic parameters of micellization is based on a number of approximations. For instance, Eq. [5] applies usually when the mean aggregation number is large, which is not likely to be the case at higher FA concentrations. Moreover, since the changes of CMC with temperature are small (Fig. 2) , the values of H 0 mic and S 0 mic must be rather inaccurate. Therefore, the thermodynamic parameters in Table 2 must be viewed only as approximate. Nevertheless, from the present data some generalizations can be extracted. Our data show that the free energy of micellization is in all cases negative and becomes less negative as the FA content in the mixed solvent increases. However, at a fixed solvent composition, this parameter undergoes small variations in the investigated temperature range. This trend indicates that micellization of TTAB becomes less favorable as the presence of FA increases in the solvent system, but it is roughly independent of temperature. It is also observed that the enthalpy of micellization is negative and strongly dependent on temperature in water, but this dependence becomes smaller as the FA content increases in the solvent system. This behavior is probably due to the destruction of the ordered aqueous region surrounding the hydrocarbon chain of the surfactant with increasing temperature. In addition, it has been proposed (28) that negative H 0 mic values can be taken as evidence that London-dispersion interactions represent a major attractive force for micellization. In this sense, it seems clear that, in the range of temperature studied, London-dispersion interactions play a more predominant role as the temperature increases.
The entropic contribution of micelle formation, T S trans indicate that the micellization process is less favorable in the mixture system and this tendency worsens regularly as the FA content increases in the solvent mixture. Definitively, this behavior can be understood on the basis of an improved solvation of the hydrocarbon tails in the presence of FA, which leads to a reduction of the solvophobic interactions and, consequently, to an increase in the CMC.
It has been observed in a variety of processes, including micellization of surfactants, the so-called enthalpy-entropy compensation (29) (30) (31) . This phenomenon is reflected by a linear relationship between the enthalpy change and the entropy change, and can be expressed by
[10]
According to the conceptual scheme proposed by Lumry and Rajender (32) for a compensation phenomenon, a micellization process can be considered divided into a "solvation" part and a "chemical" part. The slope of the compensation plot, T C , known as the compensation temperature, provides a measure of the solvation part of micellization. The interception, H * mic , gives information on the solute-solute interactions and stands for an index of the effectiveness of the chemical part of the micelle formation.
In Fig. 3 we present the compensation plots obtained for our systems. It is observed that the compensation lines exhibit, within the experimental error, the same slope T C . It must be noted that the T C value we have found (around 280 K) falls into the suggested range of 270-294 K for the water system (31). This fact indicates that, in relation to the solvation part, the presence of FA does not modify substantially the nature of the solutesolvent interactions and, therefore, the micellization of TTAB in the presence of cosolvent takes place under the same structural conditions than in pure water. On the other hand, the interception of the compensation lines, H * mic , in Fig. 3 becomes less negative as the cosolvent increases in the solvent system. Given that H * mic accounts for the solute-solute interactions, the observed increase of this parameter corresponds to a reduction of the solvophobicity, which leads to the destabilization of TTAB micelles as the FA content increases.
Micelle Aggregation Numbers
In order to evaluate the effect of the FA addition on the micelle aggregation number of TTAB, we have employed the static quenching method. This method was proposed originally by Turro and Yekta (33) , and is based on the quenching of a fluorescence probe by a known concentration of quencher. The application of this approach requires the fulfillment of a number of requirements; briefly: (i) the probe and quencher must be solubilized in the micelle and be immobile, remaining within the micelle during the lifetime of the probe; (ii) the quenching rate must be faster than the emission lifetime of the probe, so that fluorescence is observed only from micelles with probe but without quencher; and (iii) the probe and quencher must be distributed among micelles following a Poisson distribution.
If the above conditions exist, the ratio of fluorescence intensities in the presence (I ) to that in the absence (I 0 ) of quencher is related to the quencher [Q] and micelle [M] concentrations, by
The micelle concentration is given by
where [S] is the total surfactant concentration, and n is the micelle aggregation number. From Eqs. [11] and [12] one obtains
. [13] From Eq. [13] , the aggregation number n is obtained from the fitting of the fluorescence intensity data at various quencher concentrations. We have carried out triplicate quenching experiments by using pyrene as a probe and CPyC as a quencher. This donor-quencher pair has been found to be a valid system, which has been used for a wide range of surfactants (34) . in the n determination as the FA content increases. From both the slopes of quenching plots and the CMC values at 25
• C, as obtained by the conductance method, we have determined the aggregation numbers listed in Table 3 . It must be firstly noted that the micellar aggregation number of TTAB in pure water is in good agreement with values previously reported (35) by using the same experimental technique. In addition, it can be seen that the micelle aggregation number decreases with the FA content. Similar behavior has been observed by Almgren et al. (2) for SDS by using the same procedure. In some cases, the aforementioned authors completed their study with time resolved measurements, finding a good agreement between both methods. However, it must be recognized that for highest concentrations of FA, where a fraction of the quencher could be removed from the micelles and transferred to the bulk, the aggregation numbers reported in Table 3 could be overestimated. We think, however, that this fact does not affect the tendency shown by our data. Assuming a spherical geometry for TTAB micelles, we have also estimated the micellar radius, R 0 , the surface area per headgroup, a 0 , and, hence, the critical packing parameter, v/a 0 l C , being v and l C the hydrophobic chain volume and the critical chain length as obtained from (36) v = (27.4 + 26.9 n C )A ❛ 3 [14] and
where n C is the number of carbon atoms in the hydrophobic chain of the surfactant. The above parameters are also presented in Table 3 . It has been proposed (37, 38) that the surface area per headgroup, a 0 , or its inverse the surface charge density is the most important controlling factor for micelle size, whereas the critical packing parameter (37) , v/a 0 l C , controls the micelle shape. From data in Table 3 we can conclude that the presence of FA in the solvent system induces a reduction in the micelle aggregation number, produced by an increase in the surface area per headgroup of the surfactant. Our data suggest that the FA addition causes the formation of smaller spherical micelles, and with a smaller surface charge density. These observations are consistent with the increase of the degree of counterion dissociation at a fixed temperature, as seen in the first section. Data in Table 3 , particularly the increase in the surface area per headgroup, can be rationalized by assuming the formation of micelles with a higher degree of solvation, probably due to the participation of the cosolvent in the solvation layer of the micelle headgroups. According to this hypothesis, the enhanced solvation of micelles should be accompanied by alterations in their microstructure, which could be revealed by changes in the microenvironmental properties of the aggregates. Therefore, we decided to investigate these aspects.
Microenvironmental Properties
Micropolarity and microviscosity are two important properties usually employed to gain information on the possible alterations in the microstructure of micellar systems. The pyrene 1 : 3 ratio index is a well-known parameter reflecting the local polarity of the solubilization site of the probe (39, 40) , which has been widely used as a structural probe in a number of applications. Since pyrene is preferentially solubilized close to the surface of micelles, in the so-called palisade layer (34, 40) , the polarity sensed by the probe could give information on the degree of solvation in this micellar region. We have studied the behavior of the pyrene 1 : 3 ratio index against the composition of the solvent system. Figure 5 shows the results obtained in these experiments. It can be seen that pyrene 1 : 3 ratio index increases with the presence of FA in the solvent system. It is difficult to derive definitive conclusions from these results because they must be analyzed in connection with the micellar size evolution. Note that the two following explanations can be given for data in Fig. 5 ; (a) When FA is added to the solution, the surface area per headgroup increases, inducing the incorporation of a greater number of water molecules, probably accompanied with some FA molecules, which would result in an enhanced solvation of TTAB micelles. (b) It is also possible, however, that the increase of surface area per headgroup forces the probe to be located outward in the micelle, which would contribute to a more polar microenvironment. Probably, the data in Fig. 5 are the result of a combined effect of both processes. Anyway, it is safe to say that the addition of FA to the solvent system induces the formation of micelles with a more open structure, favoring a major penetration of the solvent and, consequently, an enhanced solvation.
With the aim of gaining a more complete information on the microstructural changes in TTAB micelles, we have performed fluorescence anisotropy studies with two different probes, C6 and fluorescein. We have chosen these probes because they present different characteristics and hence different way to associate with TTAB micelles. C6 is an uncharged laser dye, essentially insoluble in water, which have been previously employed to obtain information on the hydrophobic region of both ionic (41) and nonionic (17) micelles. On the contrary, fluorescein is an anionic probe which it is expected to be micellized, through electrostatic interactions, at the positively charged TTAB micellar surface. In fact, previous spectroscopic studies (42, 43) have shown that fluorescein is solubilized in the inner part of the Stern region of cationic micelles formed by alkyltrimethylammonium surfactants. The steady-state fluorescence anisotropy, r , is related to the viscosity around the probe (η) by Perrin's equation
where r 0 is the limiting anisotropy obtained in the absence of the rotational motion, k B is the Boltzmann constant, T is the absolute temperature, and V and τ are the molecular volume and fluorescence lifetime of the probe, respectively. Consequently, larger anisotropy values correspond to a more rigid environment at a fixed temperature. Figure 6 shows the results obtained for the fluorescence anisotropy of C6 and fluorescein in TTAB as a function of the FA concentration. Since fluorescein is a charged probe, there is a possibility that the change in the solvent quality induces the transfer of some probe molecules from the micellar pseudophase to the bulk. To explore this effect, we have compared the behavior of the probe in homogeneous medium with that in the micellar one. After examining the results in Fig. 6 we can conclude that fluorescein shows an emission much more polarized in TTAB micelles than in homogeneous media, revealing a strong interaction between probe and micelle, indicating that the commented effect seems not to be significant at the FA concentration range investigated. In addition, an interesting aspect in Fig. 6 is that both probes present a similar behavior; namely, the fluorescence anisotropy shows a regular decreasing as the FA content increases in the solvent system. This fact indicates that not only the micellar surface is affected, but rather the interior region of TTAB micelles also presents a lack of rigidity induced by the presence of cosolvent in the system.
The motion of probe molecules, adequately modeled by either prolate or oblate rotor (as is the case of C6), in an anisotropic environment can be described in terms of the wobbling in cone model (44) . According to this model the rotation of a molecule probe can undergo free rotational diffusion within a cone of semiangle θ C , known as the critical angle. Another important parameter in this model is the so-called order parameter, S, which provides a measure of the equilibrium orientational distribution of the probe and which decreases with increasing mobility of the dye in the medium. The critical angle, θ C , and the order parameter, S, are related by the equation (45) . S = 1 2 cos θ C (1 + cos θ C ).
[17]
Based on semiempirical considerations, Pottel et al. (46) have obtained a relationship between S and steady-state fluorescence anisotropy given by r r 0 = S 1 + S − S 2 [18] which makes it possible to determine the S value, and hence θ C , from steady-state fluorescence anisotropy. Table 4 presents the values of the wobbling in cone model parameters for C6 in the studied range of solvent composition. Data in Table 4 indicate that the order parameter, S, shows a gradual decrease, whereas the critical angle increases, indicating that the equilibrium orientational of the probe is less constrained when the presence of FA increases in the solvent system. This less ordered structure could be the result of the formation of more permeated micelles due to a substantial solvent penetration. It must be pointed out that Wärnheim and co-workers (6) by using a different surfactant (CTAB) and another experimental technique have previously observed a similar behavior. These authors concluded that the fact that the micellar structure is loosened as the cosolvent content increases agrees well with the observation of smaller and less closely packed micelles.
CONCLUSIONS
The effect of FA addition on the aggregation behavior of the cationic surfactant TTAB has been investigated. From conductance measurements we have determined the CMC and the degree of counterion dissociation in a wide temperature range. These data were used to derive the corresponding thermodynamic parameters of micellization by using the equilibrium model for micelle formation. The main conclusions that we can draw from this study is that micellization of TTAB in the presence of FA occurs under the same structural conditions than that of pure water, the lower aggregation of the surfactant being due to the minor cohesive energy of the FA-water mixtures in relation to pure water. Micellar size evolution of the aggregates in different FA-water mixtures was examined by the static quenching method. It was found a progressive reduction of the micelle aggregation number as water was replaced with FA in the solvent system. This fact is determined by an increase in the surface area per headgroup, which is attributable to an increasing micellar solvation. The observed trend in the microenvironmental properties, higher micropolarity and lower microviscosity, indicated the formation of more permeated and less ordered micelles.
